
KOREAN PATENT ABSTRACT (KR) 
PUBLICATION 



(11) Publication No. : 2000-0025706 (43) Publication Date: 6 May 2000 
(21) Application No.: 10-1998-0042872 (22) Application Date: 13 October 1998 
(51) IPC Code: 
H01L 27/10 

(71) Applicant: 

Churl-sung Hwang 

School of Materials Science and Engineering, Seoul National University, San 56-1, 
Shilim-dong, Kwanak-gu, Seoul, Korea 

(72) Inventor: 

HWANG, CHURL SUNG 



(54) Title of the Invention: 

Method of Manufacturing Ferroelectric RAM Capacitor 

Abstract: 

A method of manufacturing a ferroelectric RAM (FeRAM) is provided. A dense layer 
of A1 2 0 3 is additionally formed as a barrier layer of a capacitor formed on a PZT layer, using 
aluminum sputtering or CVD and heat treatment which are widely used in semiconductor 
manufacturing processes, thereby forming a dual structure of Ti02/Al 2 03. Accordingly, 
diffusion and volatilization of Pb in the PZT layer can be prevented during a succeeding heat 
treatment, thereby uniforming the composition rate of Pb in the PZT layer. Consequently, a 
ferroelectric characteristic can be prevented from changing. In addition, defects are prevented 
from occurring in the interface between the PZT layer and an upper electrode, thereby increasing 
yield and the reliability of the device in operation. 
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(54) *1 U A] El ai&g 



£ i h S§ FeRAM ?H EH Al Ei filing EHI ^ 2HSA1, ^Efli SgOUi y^l ^0|H 51= Al2j ^fflEigOILh CVO 

^xlEI ggi OlgSKJt, PZT 5|£HHI ^dl£l^ ?HHHAIE-(^ S^gH^AI xliitl Al ? LL°m *7hol-01 T i a/A 

ua 21 oi g ^-s^£Hg, mm\ ggcm m pzt^lhoiiaisj Pb£j s># ^ ?i^oi ^xitioi °h.h°j 

Pb 521 31^1 uKH ^£ ^XI£KQ, PZT°^ £^2^ THS^I ^ s£3M ^loKJl ^g^i S 

7>e^°J #£I2M tf^AllJ ^ SJQ. 

E la a £ 1b£ BaTiQ, 2J SSSPI £1*1 ?H^fE. 

E 2^ gEH ?ia^J D £A|D||0il [ri^ FeRAM ?H HH Al El 2J &3E. 
E 3£ £2H ^ Al CHI Oil [C># FeRAM ?HiiHAIEi^ ^ 

E 4a^ E32J PZT°|2J ^flEI 3 EWI Oil Al £| Sgfcll 32H= . 



^2000-0025706 
2000^ 05^ 06W 



5. ib~ E32J PZTSfEJ w 9^1 MAI ^ £-gbl Z32Hi 

£ 5= E 4b^J TEMAh£! . 

£ 6^ s ejwQfl [[f^ FeRAM ?HiiHA|E1°J ^¥ 

£ £ 62J g«#Ul ^EHSJ T EM At 3 . 

£ 8§ E 6?j mm\ .W &71I(HIA12J BE TEMArS . 

£ 9^ £ PZT°|2j i^HI 3ZH^. 

10 : S^r^l 12 : o"r¥£2# 

14 : PZT°| 16 : 

18 : HHAlfllOldSi- 20 : S^HH£ 

22, 24 : 24a : TiCL# 
24b : ALCLg. 



e ejg« 011^ bl?l^ OilSEI (Ferroelectric RAM: Ol^hFeRAMQl^f g£>)2! FeRAM2J ?HHHA|E1 JliS^gtHI 

s^sai, «i ?h iiHAiEi a& mm 23011 ^seich ijsss ^ mmm ^j.m= * yi *mm E\Em^m^(im/ 

i^Dis i+5r5KAI,ft)°l §g*£|, ^QIh W^OIh ^ #&A|?1 t^oKfl PZT°|2J 

£]■ 301 D. 

m 5 ^£xil iAhSJ HS^St * All CHI [[>£(■ M 371 ?r IM^IDI m^f} ^m&W ?HBHAIEi s *2*r7l7h 01 £1 SI XI 
12 2A£DL ^S|, E2HX|^Ei^ 5H 3H A| EH S ^SE| = C|g £X r = *JCHIA1 5^ ^Alo^ ?H HH At El 

B?\\ S r 9A|, 9^1 MQI^ SOI ±X\2\ HS^JiKH! gfi^ S°JOI £)Q. 

OltIK ^71 ?H EH Al EH ^ 0^J£ S 3X112 ^# JlQ^rOl ^£ Q^S fiKJt tf£ r ^, gt^ ££ 

= 3 2(oxide-nitride-oxide)°^ S3 i-flg ArgeKQ SID. 

U1E\M ?HSHA!E-i°J §2g^f(C)^ 0(e .x e .x A)/T 

0171 Al e. = SSs(permitivity of vacuum), e . ^ SS^SJ °2£^(dielectr ic constant), A^ ?HIIA|E1^ £ 
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*f ^, 0111 5h«KM AIS '2iAI?l^ £i(Fin) t^orTIU, =ehoj a^ ajeiqj ^a^ gs^ga^l ^2 

5^ §2J ^Si ArMWIE ^LK 

OlEHtl H 4Si^ 3^ ^'2| *ID. 

°2 D 4 S±AI?I£ 3^ 4Xh g-^AI °2^0I UriltlCH ?HfiHAIE12J £}£\^m S*m ^Q, ?H HH Al El 

2| £0I# s^hAI?l3 E^KHI 2J*H ^ ggQI O^SJXIH, L| E ^2| HS^sHHI [&£r iX r 2| 2^01 ^i£|CH 
OiSISIXin 2iD. 

o^^i ^ ^311, fflll mCH Te.CL Till SrTideOI 2 ^2111 £l£U, 0|EH£> slM2J Kh 
H|£12J#2|- U£ ^5|M^^ 0i s^'s^i s*oi £ |oj oi^| ^01- £31 4Xh flli^SCHI 3gtr7|7h CH^CK 

££7|2|- U0| S2#4?l- MieS (Ba.-SrJTiOUBST), Pt,Pb(Zr,Ti) (X(PZT), SrBiJ*Cl(SBT,Y1) US ^2^1 
□j« At-sonAi ^uh~^^CH| 0|SDj, = = (regainment polarization) ^EHfi ?hXIH SiCH 

^^ohB 2^01 JH2 &EH0U1E CIIOiEie y|<3u|-^ dlSlifS (nonvolat i le) OflSa 4X|-2j 7rX|H ?iCH FeRAM 

CHI Btl £h£0| H£2IH SJCr. 

oi^ ^smm oi §^ ^ 3 ^ chi ah §2^21 goism, epromoiu eeprom ui?i^ 

EHISa^XKHI miO\ fll^SgOl ZtEmrDf, £.'£1221- ^XhM 2# 4= UU^OO. 

FeRAM^ 1IJ2J 2f^tf OlgoKfl £Wr XOEIQ^S 71*!^ CI All aj^^ TO 21 XI Sfe 

^ ^Xr^AL §*r£Jai g-JUISI ^fflSS QiUh iTQ. 

5! AH, 1^*!*{|2J ^Sgs ^^(domain)OIErll g£l = 1§LH2| 2^01 Z^tl XriT^M 01101 

7^He 27j|2J U^tl ^itr^CHL 01 M^^J ^01 fe^fCHl ^^9^ Olg^ 5101 

FeRAM §^ 71^ £J£iaH %' 4= Si Eh. OIP 271ICH1 ^1 fi| 4 risec-^^J nsec ^32 

£ BTQ XI SJCH, FeRAM^ ^^j^^^ H^^^0| y\^D\, OH ^^BJ uh^l (HI URtJ 3?i^h ^1^ £W EH^ii 

Oiett 71^^X1-21 33011 HlohCS 1/3-1/4 §£g Ai^UI ^qtH 4 ?i= Oh#£H 

3EHU FeRAM^ u^^j ggCHIAH^ 0|g£|A| ^0 PZT e^J Ml'l OlguPI Ul^tHt Oh^^ 01EH g§ E.^|2J 

TH^OI I'fi^ ^EHOID. 

S51 pzt ^°2iHI ^2|XHg2J JH^ FeRAM 3§2] ttj^l 01^^ ^^^SAH 7rS" SSOI 01S1S ^^OIQK 01^ 
PZT U^J\ 4S^7I!2J A^Oia PbSr^OI ?I^S0I DH ° ^ it^rll SiCHAH g^KQ XH^^ Si^ S§ 

01 e^axHI MQh DH ° CH^7| tlH^OID. ^71 2J PZT^s 3 i^OI §S|th?il 2^ £1X1 ^S 

?W|E( P erovskite)2J l§^57h ^ SSEIXI SK3h ^Xh§^2| tHAioi XhS^^^J ^^01 01?Jl$l*!D. 

B1IS^A:?r0|M ^ Mil § CHS^°J "II' °J BaT i O^SU ^§ 7^1 S 1011 UEKHH °i^QHL 5. 1a^ Ah 

i^^OI 21^ ^2 ^EHb UEHHD1, E 1b^ Ah^ ^^01 ^^D^r^ £S2 ^EHM UE^CK 

^!2r ^ 0|°S °iuh01 ^J.H 71221 °fAi-^ 3701IAH Ar^EIH S!^ 7l£2j ^fflEiHOlU th^l^g^ 

(Chemical Vapor Beposition; Ol^h CVDEF ggHh^ ^-^(sol-gel) S§0| Ar^tlH 2iQ. 

gy\ a-l(Sol-gel) i§§ ^ a^ EH o| ojggoHH A^j ^iiSl ^g£S E5§r2, CrBTII ^^a^hCN ^(sel)ih 
Al^i =, IgihAI?!^ SgE'LII ^§01 ^-Sm ^2] 01 BH yhAI Eg CHI S M^rH XH220I ^SOID. 

PZT ^°2t;HI°Im Afguh^ ?H KH Al EH 21 2^2gc y|^ bh£^|g ?HSHA1E1(MI Ahgtl^ Qlg^a^OI Ohy Pt^Sh 



^ ?i^oiu Rua^nh its tmm *t=oi ah^i^lhi, oi#£ yggoi £^ pzt^s ^ ygsw 

££*J FeRAM© PZT ?HPA|E1 SSOflAH 2^ S! &S3SII SSHf tMI ?HEHAIEH HI 5 *«E| lAlttflOli! 

IU s^HH2 ggOl S tij^^oi ggoiCK Oil = 3 Hl-g gCHI PZT ?HHRA|EH2h CHEH 1EI3, 

SI '^^§i Si £3 PZT ?HEKA|E1°J £^CHI g S^l SQ. Oil gOfl SHS 3£ PZTS* §3 #2^2^ 

£ 2^ gEH ?l£2] ^ Aj Oil CHI im FeRAM MAIEH2J ^ 5^ CHS t^CHIAH EAItJ 301 01, 

9*1, ±™H tt^ 7i§, Wll ^CH 2±2!(MOSFET)10I «g£|OI2J= ^£J^I^(£A|t| A| srg)#Qil g&5^(10)g 
*!2SKQ, gEh^q|(io)A^| §^E3#(12)2f PZT^(I4)M gstSKQ SalEI^ ^, &7\ PZTS|(14) m\ 

6W£E#(16)g tiStLCh 01 UH S7\ 5! £^£E#(12),<16)£ Pt^2J ?|g^O!U RuH §2| tfSh £2#S^ 
tJgtHX 3 £91 £^£2#(16) 6MI ?H EH Ai IHgy© SMfSHIIE! (EA|£|XISfrS)s tjgSHI, Oil D^3 
£ 4W£S©(16)]Z* PZT°|(14) ^ S^E3#(12)s £a"H^£ £|=W0| *h*£3#(12) EHS^S^J §^2^ PZT^ 
(14) EHS£S£! ^2 n 4 S! £^£2 = (16) a^t^^o^ ^°2il D 4 ?H HH A1 EH M 

^ XHl^j HHA|tHIOI^^(18)# ijgsm, ^ 2£ He ^HH2(20)m ^2*H3. 

#71 21 SHAIMOI^oi PZT^ PbM g^oKJI PZT^LH^I Pb ££i ^Al?1 ^ApEJ 271^ Al?l 

™ £XH1S0I S!Q. 

OlEi^ £7i1|g# ^Wl ?im01 &°2^|°| MAI EH S3 (HI §S^Q. 

E 3£ e£H UE MMWW FeRAM ?HHA|EH^ B32SAH, OMOIDl, 0|# §^KH 3 

2*1, E 12J ggCHIAm O^K^AT^ g^t|-S|(10)^(HI 5f^E2 = (l2) SPZT^(14) g^T S: 1 l^EI PZT°|(14) 

^¥£2#(16)m ^S^J3, ?H M Af Ei HHSIe! D^HS 5H@y*ra 5^£3#(12) MS, PZT°^(14) EH^j Q) 
3#(16) EBe^S^j 7HEHAIE1# ^S^CK 

3 Qs ^71 7£^J 2S301I ^gAU^, 0111 #0i TiaS £| &«0(22)m ^Soh3, 0111 10i 650*c01|A| 

30^^ ^ £°i;7ioiiAi ix-iEisra ^u(22)m x\^mm ^^2^1 ^ai*i m, nnAimioi^^(i8) as, 2™ a§ 
s^HHi!(20) gge stst^a. a^iAi ^ihj &^#(22)^ p b 2j mt^iw ^§ s-ai^ ^ ?heh 

Al EH ^^^2| 01 EH gxHEl gOHl Pb7h 2# ^AltlCK 

4^l2h ^ gEH JliiOli FeRAM ?HHH AlEi^l XHIi^S^ Pb£h ^A| ?HIH AIEH ^^^2J IaHEI 

Ai2j Pb ?i^e ^Aio^i mm ^^§1-12 s^slk s^s ^Aio^ ^xhei sss^i pzt°^ zsm ^ 

n^A^Dt3-CHIUA|^Ah X ai ^1T«(TEM-EDX)^S SSCHI A1^EH^ 7|E|D|| CCfEl- UEM £ m\M9.[ STOI ^a"HE| <3(HI^ 
Pb, Zr S Ti2J SOI Wdt 7iH| ^Sth7il ^iEIAI^, g^EI wM^ £ 4bOHIA|^ ^0| S^#0l Pb°l t\ 

mm =moi pzt^ 2si^j Pb^s^h 5%oi^ &±z\n, mt\ pzt#bj tiis Pb^j ^£7h ^ 

£13 #[H3££ ZrHJ £5L?\ £71Z\Q\ PZTe^J £>^*!2t ^OiE2l3, PZT°^ 5^bll^h ^l^KHI £101 ^Xh2J 

=xh HCHEEl^ ^XHIgOl 

mm\ wm~ £ 501IA1 ^ 4^ Si^OL Pb2J PZT ^2^^J ^ISOil Q^^J ^t^lOl 

= ZXmUl 2iD. £ 5CHI AH m 4 Si^ It,^ ?S Pb2J DH° ^^JOi\ Ol^ Hlg^^OI £I^CHL 

OIM U\± Umm^ ^Ol^ 5^ ^ illh Pb^U ^EE^I- ^ 302, Zr2| ° c 40%, Ti2J ° c 30K g£ 9^ m 

m^M, 011^ ?H HK A| EH 1^1 ^HS^ ±7,[ =^2J ^ShAI?l^ ^SilgOl °JiL[. 
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2 30/ Of ^ JIM of tr Jf^x* 3% 



s^ii ^g^s mszm pzt^lh^i pt.2j *\ww ^mm g¥.&mt pzt#ej ^ouiej PbEj ^£ 
^ii ^ai*kq. pzt^ 2^|oj ^ m] ^ mo\ ±xm ^msm v-^xm ^ siz Fpramej maiei Jii^g 

t HIS*HHI SiO. 



291 2h ITS t^^m $\*} B gSOil WE FeRAME] MAiEi *||£W2£I 

SHS^ PZTS* HHEj S! Ii§2£& FeRAM ?H EH A| El M 

291 gSSOil Tia#2h A! : I1#EJ 01 £ S^#l **2Sr£l, £r?l AlA=£ Al «^ g*fi> 

(Ml Af SAiamOl iJgfcHHI SID. 

OISK £ ^SCHI [tf^ FeRAMEJ ?HuHA!E1 HI2^gOII mm ^Ailtl ^StlCK 

£ 6^ B SfSOII tOE FeRAM ?H5HA|E1EJ Oil g£SK)i*1l£ ^gf #H\Z\ gg*Ch 

3^, S£?5(M0S FET) EOI «S£|OiSie SJ£*0£KEA|E| Al SS)#(HI U| .El .011^ .Al (Boro Phosphor Si I icate Glass 
; Om BPSGEh gtnD EH2^(Tetra Ethyl Ortho Silicate ; TEOSEh §tH £.Hr^ ^ JHHS£! l&£ r 2K10)# 

^S^H, #71 §^51-^(10)^011^ m^£SS(12) EHEH^ PZT°U14) IHS gi #«£3#(I6) i^c>^<zi FeRAM ?H EH A| 
Ell «S*h£l, £91 S! 6W£S#(12U16)s Pt^E] ?|=^0|L|- Ruft. Mt[ ^gSrDL #71 

£2#{12)2h PZT°K14)2j g*r ^011 = ^g^J £2, OHM 1CH 650*c, tf£ £S|7|CHIA1 30£ ^xHEj^ ^CHI ^ 

£2#(i6) g^r si isy SICK 

3D§ £91 ^£Ej 2i3(HI ^#°1 &B| = (24)1 TiQ = (24a)lr AlA*(24b)2| OIS <g£§rH, 33011 tfShef 

01^1 AJ ^1 S^#(24)# =?£tl= Al ? Q 1 #(24b)s x\Wtl ^AIH SiCH ^^Al^ej ^ 71 

CHEICH ^ ^|jg^A1, SEHOII^ AIA# ^1^01 ^^B^Ai^ ^g^EICH SiAl ^ ^Ah# CHI HI ^ Al (Atomic Layer 

Epitaxy)^ AHSS 7I#2J E°J| R^^l [Ifl^tHI O^JrAI ^glrtl^l =^H2 AlA#m A) 

(target )# 0\Eo[0\ ^^^PICHIAI ^SiEIg B^tU Si^Lh, 01 3A| Al Er2iHJ £301 ^ 

mm g^r ygAi Dif^ mEin ^mai?i^i iih^chi ^^i ssoiiAi^ ^ ssiQ. 

Oil JHlo^l ?mH3| £ #^ Al# g^T Al#l 5~50nm g£EJ ^]}|ll 0111 101 5 

-20 tnTorr °^°1 Ar Arg^KQ 1 ~ 5kW §£2J DC E^-Jl ArgSrCH ^CHiAl ^fflEIH ~, 

M^P|21 G50*c(HIA1 30^^ ^7:1EI§t01 AlA^(24b)l ^^UrSiD. ^1 ^^£| £§A| Tia=(24a)0l xl^S^I 
2 V^^^S ^A|SQ. 

E 7u ^ WSCHI [D/E Olg ^^(Tia/AIA)^ TEM Ar^OIDI, £ 8^ «*ia FeRAM^J E^^SAI, ^71 0|g S 

PZTt^l 650*C Oil Al Eg «x1E| ORCHIS ^ m^O\ ^XIIEIOI ^ ^ Si£01, TEM-EOX ^2 r °l £ 

9011 Al W ^ Zl- ^OL 0111 ICH SOnm §£EJ AIJLeM Tia# ?ICH1 *J<gt*Si£W S§ ^CHIH Pb 

^01 U ?l^0| ^AltlCH 541HIEJ ^3 ^ 4= SSIQ. 
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^LHEi^ Sgg QlguhOt, PZT°Im 7fcJim= ?HflHA|E1°| TiOt/AI^ 0|g **£of££H£, ^ 

£1 £gCHI CU-S PZTS| LH0HA12] Pb3 *|^0I °RHH] Pb £g# ^I'SMI Slffl £J£2 Sift &XI 

*KQ, PZTSf2h ^¥2^ 711321 ^ S-AHf ^Xm^tl IS^i S £Wf d?ISt *F#AIS ^ Sl£ OISOI SIQ. 



#71 S^oh BHSIlf PZT^ IS ^ SH^H^ FeRAM ?H M A| El M ^2*^ £§2L 

#71 752j sasoii Tia^iif ai ; o=2j oig 755a «gmEl, aia#£ ai e-^^ £?I7I 

CHI A) ^XlElohOI 3t ^9^^ 5^ FeRAM*] ?H OH AIEH Hli^g . 

2. Jin tm 51CW AH, 

#71 WESMf PZT°^2J g*f ^CHI 650'c , tfi ££171 CHI Ai 30£ ggl 7U|S4f 21 8^ 

FeRAMSJ ?H EH AI El 

g7*i 3. HI 1 %W\ SiCHAI, 

FeRAMSJ 3HEHAIE1 Hl£^. 

4. Ail 1 tffll SiCHAI, 

#71 Al ? a#^ Ale! 5~50nm ^fflEIg e^OlU CVD ^gtl W, t*± ££1712] gxIBISKH 

31 m^^S. m= FeRAMEJ 2HHHAIE1 fll^g. 

5. X|| \%m S1CHAI, 

#71 AI 5~50nm tiSS^, 5-20 mTorr Ar 7kb, 1 -5kW DC EH?-]S #£01IA| ^fflEIg I^JS2S 

m± ££I7IEHIA1 650*C CHI Ai 30^ £Alof= 21 tK= FeRAMSJ ?HffHA|Ei Ail£W2. 
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